Abstract. Partial replacement of the Portland cement CPJ 55 ingredients by various quantities of alumina sludge (AS), produced during drinking water plant sludge, was used in the preparation of mortar mold with dimensions 40×40×160 mm. The characterization of materials is carried out by X-ray fluorescence (XRF), Xray diffraction (XRD), free lime dosing, and the mechanical tests. Analysis of the chemical composition by XRF shows that the studied alumina sludge is mainly composed of aluminum oxide, silica, which is correlated with the principal mineral phases identified in the XRD analysis results. It is demonstrated that adding 5% of the alumina sludge in Portland cement does not affect the mineralogy of final product. Nevertheless, the compression and flexural strength tests (in 28 days) conducted on mortar sample comprising 5% sludge elucidate that it belongs to cement mortar class of type 32.5 R.
Introduction
Drinking water treatment plants produce annually thousands of tons of mineral waste called alumina sludge; attributed to the addition of aluminum sulphate during the water coagulation-flocculation step. The latter are mostly discharged to landfills, being the least costly disposal method, which can possibly cause serious environmental problems [1, 2] . The pulverized state of the sludge of about 20% dryness requiring no grinding is a saving in energy costs for the cement industries in particular. In addition, their recycling in this way addresses the environmental protection issues [1] [2] [3] [4] .
Several studies have examined the replacement of raw precursors in the preparation of building materials by alumina sludge or sewage sludge. It was pointed out that the clinker microstructures and the possible physicochemical properties of ecological cements are strongly influenced by the quantities of sludge [1, 5] . According to Zamora et al. [6] it is quite feasible to use alumina sludge from the northern region of Mexico as an additional cementing material and substitute for sand to prepare mortars and concretes for employing in the construction industry. In accordance with Yan et al. [7] , the addition of 2.5% by weight of de-inking sludge in the cement mortar does not significantly affect their physical and mechanical characteristics. Although, the replacement of 20% de-inking sludge by weight of cement significantly affects the resistance of the mortars which strongly favors the incorporation potential of the de-inking sludge into cement. Rodriguez, et al. [8] studied the effect of the addition of 5 to 30% of alumina sludge on the physicochemical characterization and the microstructure of the cement mortar 42.5 R. The partial replacement of the cement by the alumina sludge in this case is characterized by the decrease resistance of mortars. Another study by Rodriguez et al. [9] reports that replacement of 20 % constituents of cement type 42.5 N with the sludge enriched with SiO 2 , Al 2 O 3 and Fe 2 O 3 contents produces 32.5 R grade cements. According to El Didamony et al. [10] compressive strength increases with the addition of the alumina sludge up to 5%, and then decreases with its increase to 15% by weight. In this case the addition of the alumina sludge up to 5% can act as a nucleating agent, which gives greater compressive strength at different curing ages. For Piasta and Lukawska, replacement of the cement with 10 or 20% ash from the sewage sludge resulted in an extension of the setting times. The chemical composition suggests that the prolongation in setting times may be due to the appearance of phosphorus in sewage sludge ash. The standard compressive strength of mortars of 10% and 20% ash of sewage sludge is lower than that of reference mortar [11] .
This work is a contribution towards exploring the new opportunities to recycle alumina sludge by replacing with it certain proportions of cement ingredients. It will eventually lead to preventing environmental pollution and sustainable development. 
Materials and methods
Various loadings of alumina sludge were used in our study for the preparation of mortars. In view of comparison, the standard CPJ 55 cements of type 52.5N were employed. The cements on which we conducted our study were prepared according to the process of production designed in Moroccan cement. A ball mill was used to grind the components (80% clinker, 17% limestone and 3% gypsum), to obtain the required CPJ 55 cement.
Chemical analyses were carried out by a fluorescence spectrometer X Panalytical PW 4400/24. The samples to be analyzed were prepared as beads using lithium tetraborate as a flux.
Mineralogical compositions were assessed by X-ray diffraction, using a diffractometer X'Pert Pro MPD PANalytical. This diffractometer contains a copper anticathode (Cu-Kα) with wavelength λ = 1.54 Å, supplied with a potential of 45 KV and a current of 40 mA. The recordings were made with a pitch of 0.06 (2θ) and a counting time of 121 seconds per step.
Chemical analysis by conventional dosage with the glycerol-alcohol method was performed to determine the contents of free lime in cement.
Resistance to flexural and compressive strength of the mortar obtained was determined by using prismatic mold with a cross section of 40 mm×40 mm and a length of 160 mm, comprising three horizontal compartments, in order to simultaneously handle three samples. We used normal mortars according to EN197-1 [12] of the following composition: -450 g of binder, the additions are always introduced in substitution of cement (C); -1350 g of standardized sand (S); -225 ml of water (W).
The level of the mixing water was kept constant for all the mixtures W/C = 0.5. The flexural strength and compression were tested after 2, 7 and 28 days [12] . The different mortars studied and their notations are as followings: -CM: Control mortar: CPJ 55 cement of type CEM 52.5N; -CM X: Cement mortar CPJ 55 + X% of dried alumina sludge at 105 ° C; X : 5% -25%.
The mineralogical phases of the cements were calculated by the estimates derived from Bogue's equations according to the expressions (1) - (4) The high alumina contents are attributed to the addition of aluminum sulphate during the water coagulationflocculation step [1, 2] . The alumina sludge had a very low SO 3 contents and the P 2 O 5 concentration was about 0.16% by weight. The loss on ignition of the alumina sludge is 33.14% and the major compounds from the residues of the flocculent and the clay must not undergo considerable variations. 
X-ray fluorescence analysis and free lime contents
The chemical and mineralogical composition of various cements obtained with the addition of alumina sludge (5, 10, 15, 20 and 25%) is shown in [14] . The C 3 S and C 2 S contents are close to those obtained in a regular Portland cement [15] . On the other hand, the substitution of 10-25% by weight seems to affect the chemical and mineralogical composition of cements. The cements produced by the addition of the alumina sludge were characterized by higher Al 2 O 3 contents compared to cement 52.5 N. This is due of course to the high Al 2 O 3 proportion which is the main constituent in the alumina sludge. Due to the same reason, higher contents of the C 3 A phase were also calculated for these samples. The Alite (C 3 S) contents decreased with the increase in the addition of alumina sludge which justified the increase in C 3 A contents. The incorporation of the alumina sludge does not seem to influence the final contents of free lime. The quantity of free lime in our samples remains less than 2% which is in agreement with the quantity of free lime of industrial Portland cement. Moreover, this result is also consistent with the amount of free lime in Portland cement reported in the literature [16] .
X-ray diffraction analysis
The cement XRD of 52.5 N references and cements produced by the addition of different percentages of the alumina sludge are given in Fig. 2 . As can be seen in Fig.  2 the addition of 5-15% of alumina sludge did not affect the formation of the mineralogical phases and therefore does not entail the formation of new minerals in the cements produced. In these cements, the main mineralogical phases are: C 3 S, C 2 S, C 3 A, C 4 AF, SiO 2 , CaCO 3 , CaSO 4 .2H 2 O. The prepared cements were found to have Alite with monoclinic form (Ca 3 SiO 5 ). Belite was found to crystallize in a monoclinic system, similar to the polymorphous form Ca 2 SiO 4 (β-Belite) and Celite (Ca 3 Al 2 O 6 ) also has the monoclinic form. As the addition of the alumina sludge increases the peak intensity of the Alite and calcite decreases and the C 2 S lines predominate. 
Physical and mechanical properties of cement mortars produced
The flexural and compressive strengths were measured after being cured for 2, 7 and 28 days, are given in Fig. 3/4 , respectively. The mortar based cements produced after 2 days of curing are presented in Fig. 5 . These compressive strengths were compared with the compressive strength of ordinary Portland cement 52.5 N.
Comparison of the results shows that the flexural and compressive strength of the mortar with 5% alumina sludge was lower than that of ordinary Portland cement 52.5 N at all hydration stages. In this case the sludge hydrates slowly and the products obtained during the hydration are reduced when the alumina sludge increases. Mortars based on 10 up to 25% alumina sludge with low resistance are associated with the decrease in the amount of C 3 S responsible for the development of resistances during the first four weeks. The results indicate that all mortars with a 5% replacement of alumina sludge can be classified as Portland cements of category 32.5 R according to EN197-1 [12] . 
Conclusion
The direct use of alumina sludge mineral waste as an addition to Portland cement might lead to environmental protection and sustainable development and allows compensating the needs of Al 2 O 3 and Fe 2 O 3 in cements. It has been found in the present study that in 28 days, all mortars produced with a 5% replacement of alumina sludge can be classified as Portland cements of category 32.5 R. The addition of alumina sludge also contributes to the reduction of the total cost of the cement since the
